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The role of p53 and the CD95 (APO-l/Fas) death system in 
chemotherapy-induced apoptosis 
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attract Tc exnlore the pathway of p53 dependent cell death, we investigated if pS3 dependent apopjosis 
S^^d^l»SSd% the P CD95(APO-lAFas) receptor/hgand system. 
of ^soHd Can t^rs upon treatment with clinically Levant * em ,<>* hera P^^ 
^•cumulation Treatment with these cytotoxic drugs led to an upregulation of both, the CD95 receptor 
andT CW5L (cS. faduction of the CD95L occurred in p53 wild-type (wt), p53 mutant (mt) and in eel 
and the uws n "7 n - v .v regulation of the CD95L in response to chemotherapeutic drugs 

S^^SSSSS iSZSL M^importanay, upregulation of CD95 occurred I only in c^l 
HnL wi\h willtype p53, thereby strongly increasing the responsiveness towards CD95 mediated apoptosis. 
CD95 Lep totems to * *P^^ 

SaS^TlS-^ additional effector pathways besides CD95/CD95L signahng are likely to contnbute 

to drug-induced apoptosis. 

Keywords: apoptosis, CD95 (APO-l/Fas). p53, FLICE, cancer therapy, drug sensitivity and -resistance. 



INTRODUCTION 

p53, the "cellular gatekeeper for growth and divi- 
sion" II], is the most commonly mutated gene in 
human cancer, and its inactivation contributes not 
only to tumor progression but also to resistance of 
cancer cells to chemotherapy. Biologically, the best 
known activities of p53 are cell growth arrest and 
induction of apoptosis. p53 is a component of the 
pathways activated in response to DNA damage, for 
example by chemotherapeutic agents. Cell cycle 
arrest at the Gl and G2 checkpoints prior to DNA 
replication and mitosis aids the DNA repair pro- 
cesses and prevents mutations and aneuploidy, 
whereas apoptosis can be considered as a mechanism 
to rid the organism of cells with severely damaged 
DNA. The mechanisms of p53-dependent apoptosis 
are still not completely elucidated. The presence 
of functional wild-type p53 is closely coupled with 
efficient induction of CD95-mediated apoptosis in 
many [2, 31 but not all [4] cell types. Based on our 
observation 13] that the CD95 receptor was only 
upregulated in cancer cells carrying wt p53 following 
DNA damage and on the fact that forced overexpres- 
sion of wt p53 can stimulate CD95 gene transcrip- 
tion [5], we investigated if the CD95 system is acti- 
vated/regulated by p53 in a variety of human solid 
cancer cell lines. 



MATERIALS AND METHODS 

Celt lines: 1. HepG2 cells (human hepatoblastoma) 
only expressing small amounts of wild-type p53; 2. 
Huh7 cells (hepatocellular carcinoma) shown to 
express mutant p53; 3. Hep3B cells deficient of p53; 4. 
Hs746T gastric cancer cells expressing wild-type p53 
and 5. HT29 colon cancer cells with mutated p53. The 
CD95 receptor was stimulated with the monoclonal 
antibody IgG 3 anti-APO-1 (100 ng/ml) [6J. Immuno- 
detection of FLICE was performed using the mouse 
anti-FLICE monoclonal antibody C15 recognizing the 
FLICE active subunit pi 8 [7]. Cell surface expression 
of the CD95 receptor was assessed by FACScan. Anti- 
APO-1 (IgG3, k) was used as purified biotinylated 
antibody. Quantum Red streptavidin (Sigma, Munich. 
Germany) was used as secondary reagent for indirect 
immunofluorescence. PCR analysis of the CD95 
ligand was performed as described [3]. 



RESULTS 

Induction of the CD95 receptor by anti-cancer drugs 
Treatment with 5-fluorouracil, methotrexate, mitomy- 
cin, cisplatin, mitoxantrone, doxorubicin, etoposide, 
cyclophosphamide and bleomycin led to upregulation 
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of the CD95 receptor in celt lines containing wild- 
type p53. In contrast, no induction or only weak induc- 
tion of the CD95 receptor was observed in cells with 
mutant p53, and in cells lacking p53. Treatment of cell 
lines carrying wild-type p53 with diverse chemothera- 
peutic drugs 48 hours prior to addition of the agonistic 
apoptosis inducing antibody IgG3-anti-APO-l resulted 
in significant enhancement of apoptosis compared to 
anti-APO-t treatment alone or treatment with the anti- 
cancer drug alone. Not only an additive but a synergis- 
tic effect in induction of apoptosis by anti-cancer drugs 
in combination with anti-APO-1 was observed with all 
the drugs and wild-type p53 containing cell lines tested. 



The regulation of CD95L clearly involved p53 inde- 
pendent mechanisms. As our blocking experiments 
with F(ab'K-anti-APO-l antibody fragments did not 
show complete blocking of apoptosis, other death sys- 
tems additional to the CD95 system might play a role 
in drug-induced apoptosis; these systems may include 
TNF-RI, TNF-RIL TRA1L-R1-4. This is supported by 
our data on expression of caspase-8 in response to 
cytotoxic treatment. Cleavage of caspase-8 was obser- 
ved even when the CD95 pathway was not used. 
Considerations of drug resistance in the future, there- 
fore, will have to incorporate testing the functionality 
of the CD95 and other death systems. 



Induction of the CD95 ligand (CD95L) by anti-can- 
cer drugs . . _ . . . 
We found that anti-cancer drugs with different mecha- 
nisms of action upregulated CD95L mRNA in hepa- 
toma-, gastric-, and colon cancer cell lines indepen- 
dent of the p53 status of the tumor cells. 

Different anti-cancer drugs induce cleavage of cas- 
pase-8 (FLICE/MACHal/Mch5) 
FLICE cleavage into the cleavage intermediates p43, 
p4l and the active subunit pi 8 could be demonstrated 
in Hs746T cells following treatment with doxorubicin 
and in HT29 cells following treatment with 5-fluorou- 
racil. Activation of FLICE was not dependent on the 
p53 status of the cell. Furthermore, FLICE cleavage 
did not correlate with induction of CD95. 



DISCUSSION 

The data in this paper show that clinically relevant 
concentrations of diverse anti-cancer drugs induce 
CD95 receptor expression in hepatoma, gastric 
cancer-, and colon- cancer cell lines. Thus, chemothe- 
rapy may sensitize tumor cells by upregulation of 
death regulators such as the CD95 receptor. Most 
notably, CD95 upregulation seems to be dependent on 
functional wild-type p53. Treatment with chemothera- 
peutic agents failed to induce the CD95 receptor in 
tumor cells with mutated or deficient p53. This would 
argue for a differential regulation of the CD95 gene 
by wild-type and mutant p53, A critical question is 
whether p53-induced apoptosis is functionally depen- 
dent on the induction of the CD95 gene. With the 
identification of killer/DR5 (8) as another pathway of 
p53-dependent apoptosis following DNA damage, it is 
evident that p53-dependent apoptosis is not solely 
mediated by the CD95 system. However, the observa- 
tion that p53-dependent cell death following DNA 
damage is mediated by TNF-R family members could 
have significant implications for manipulating apopto- 
sis and cancer therapy in the future. Furthermore, 
treatment with cytotoxic drugs not only lead to upre- 
gulation of the CD95 receptor but also of the CD95 
ligand in hepatoma-, gastric-, and colon cancer cell 
lines. CD95L upregulation in response to chemothera- 
peutic drugs has also been shown for leukemias (9). 
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